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Thermal denaturation thermodynamics 
 
Thermodynamic parameters were evaluated by applying a two-state model to the 
thermal denaturation data, using a previously reported method.1 Briefly, this is 
described as an equilibrium between the native state (N) and the denatured state (D) 
where the population of each state is defined by the equilibrium constant for 
denaturation (KD). This was calculated using established methodology whereby the 
intensity of the negative feature at 222 nm as measured using SRCD spectroscopy 
was used as order parameter (y) to determine the fraction denatured (fD); 
 
𝑓𝐷 =
(𝑦−𝑦𝑁)
(𝑦𝐷−𝑦𝑁)
          (1) 
 
where yN is defined as the intensity of the 222 nm peak in the native state, and yD is 
the intensity of the 222 nm peak in the denatured state. This allows for the 
expression of KD thus; 
 
𝐾𝐷 =
𝑓𝐷
1−𝑓𝐷
         (2)  
 
where the Gibbs free energy of denaturation (ΔGD) can be determined: 
 
∆𝐺𝐷 = −𝑅𝑇 ln𝐾𝐷        (3)  
 
ΔGD was plotted as a function of temperature and the transition region was fitted 
using linear regression. From these plots, the half-denaturation temperature (Tm) 
was evaluated from the x-axis intercept, and the entropy (ΔSm) and enthalpy (ΔHm) 
at the half-denaturation temperature were evaluated from the gradient of the linear 
transition region and the product of the half denaturation temperature (Tm) and 
entropy (ΔSm) respectively: 
 
∆𝐺𝐷 = 0 = ∆𝐻𝑚 − 𝑇𝑚∆𝑆𝑚 
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SI Figure 1. UV/Vis spectra showing aqueous solution of [C-Mb][S] (0.5 mg.mL-1), 
with A280 giving protein concentration of 0.12 mg.mL-1 indicating a stoichiometry of 
S:C-Mb of 84:1.  
 
 
 
SI Figure 2. DSC trace for [C-Mb][S] showing a distinct melting at 28 °C, and broad 
crystallization and glass transitions at -5 °C, and -30 °C respectively. 
 
 
SI Figure 3. SRCD spectra showing far-UV region for aqueous solutions of Mb and 
C-Mb at 25 °C. Protein concentrations were in the range 0.1 – 0.2 mg.mL-1 with 10 
mM phosphate buffer (pH 6.8). 
 
SI Table 1. Estimated secondary structure content as determined from SRCD 
spectra in SI Fig. 2 using the DICHROWEB service.2–4  
 α-helix / % β-sheet / % turns / % unordered / 
% 
NRMSD 
Mb 72 1 10 17 0.007 
C-Mb 43 10 15 32 0.011 
 
 
S3 
 
 
 
SI Figure 4. (a,b) SRCD spectra showing far-UV region for aqueous solutions of Mb 
(a) and [C-Mb][S] (b) showing response to [TEA][HSO4] concentrations of 0 % 
(black), 5 % (red), 10 % (blue), and 80 % (green). (c) Plots of mean residue ellipticity 
at 222 nm against [TEA][HSO4] concentration for aqueous solutions of Mb (black 
triangles) and [C-Mb][S] (red squares). 
 
 
SI Figure 5. Temperature dependant Far-UV SRCD spectra showing thermal 
denaturation of solvent-free [C-Mb][S] from 0 °C (blue) to 160 °C (red) at intervals of 
10 °C. 
 
 
 
SI Figure 6. Temperature dependant Far-UV SRCD spectra showing thermal 
denaturation of aqueous [C-Mb][S] (0.1 - 0.2 mg.mL-1, 10 mM phosphate buffer pH 
6.8) from 25 °C (blue) to 95 °C (red) at intervals of 5 °C. 
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SI Figure 7. Plot of free energy of denaturation (ΔGD) against temperature for [C-
Mb][S] in [bmpy][OTf] (black triangles) and [bmpy][NTf2] (red squares) as calculated 
from SRCD data using a two-state model of unfolding, fitted by linear regression 
(solid lines). 
 
 
 
SI Figure 8. Plot of free energy of denaturation (ΔGD) against temperature for 
aqueous [C-Mb][S] (black triangles) as calculated from SRCD data using a two-state 
model of unfolding, fitted by linear regression (red line). 
 
 
SI Figure 9. Plot of free energy of denaturation (ΔGD) against temperature for 
aqueous [C-Mb][S] (black triangles) as calculated from SRCD data using a two-state 
model of unfolding, fitted by linear regression (red line). 
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